Municipal Solid Wastes (MSW) issues have become talk of the day worldwide because of the current and the future threats it has to both life and the environment. Malaysia, like other developing nations, has been facing serious problems in recent years in terms of MSW and its management due to the nation's rapid economic growth. The objective of this paper is to review and present the current state of MSW and its management in Malaysia and to estimate the economic potentials of some recyclables as well. MSW generation in Malaysia has increased significantly in recent years, ranging between 0.5 -2.5kg per capita per day (or a total of 25000 -30000 tons per day). Generally, the waste contains high amount of organics, moisture content and bulk density. More than 70% of the generated wastes are collected using both curbside and communal centers with a collection frequency varying from daily to every two days. In addition, both compactor trucks and open lorry trucks are used. Landfilling is the main disposal method practiced; about 90 -95% of the collected wastes is still disposed in landfills, with a recycling rate of 5 -10% despite the fact that 70 -80% of the waste is recyclable. Estimation of the amount of recyclables and their revenue generation potential shows an impressive result. Recycling and composting of the municipal solid waste is therefore recommended.
Introduction
Malaysia has over the years been experiencing rapid growth in population, urbanization and industrialization. Currently, the population is about 28.5 million and more than 70% of this was reported to be living in the urban areas. This rapid development has resulted in the generation of greater amount of municipal solid wastes (Badgie et al., 2012; Fauziah & Agamuthu, 2012) . In a general term, it was reported that the greater the economic prosperity of any nation the higher the rate of urbanization and consequently the greater the amount of solid waste produced and Malaysia is one of such nations (Kathirvale et al., 2003; Uiterkamp et al., 2011) . Owing to the rapid increase, the search for and the provision of an efficient management method of these wastes has become a serious concern (Al Ansari, 2012) .
Solid wastes are the materials that have become of no or less value to the real owner and therefore planned to be thrown away. The material may not necessarily be valueless, but as long as the owner throws it away, it has become a waste. Municipal solid wastes (MSW) on the other hand, are the wastes produced in urban areas. In Malaysia, the Solid Waste and Public Cleansing Management Act 2007 defined solid waste as any scrap material or other unwanted surplus substance or rejected products that arise as a result of human activity, but excluding scheduled wastes, sewage and radioactive wastes (Agamuthu & Dennis, 2011) .
Solid waste management encompasses all the activities from generation to the final disposal and is defined as the control, generation, storage, collection, transfer and transportation, processing and disposal of solid waste consistent with the best practices of public health, economics and finance, engineering, administration, legal and environmental considerations. Like in other parts of the developing nations, its production in Malaysia has been seriously on the increase at an annual rate of 3 -4% (Manaf et al., 2009) . The daily amount of solid wastes produced in the recent has reached about 30,000 tons (Agamuthu & Fauziah, 2011) . Out of these amounts, about 70% was reported to be collected and about 95% (which is 75% of waste generated) of the collected wastes are disposed of in landfills with only about 5% being recycled (Agamuthu et al., 2009b) . Many studies on solid waste management in Malaysia were carried out by different researchers with most reporting dumping and landfilling as the main disposal method (Lau, 2004; Sakawi, 2011; Tarmudi et al., 2012) .
The main challenge facing Malaysia is how to effectively and sustainably manage this continuously increasing MSW. These challenges include inadequate collection, recycling or treatment and uncontrolled disposal of waste in ordinary dumps, leading to severe hazards and environmental pollutions (Agamuthu, 2001) . For example, when rain falls it washes away some of these wastes and the leachates into water sources like rivers, hence subjecting the environment to more pollution risk (Pukkalanun et al., 2013) . From these dumps also, greenhouse gases (GHG) are emitted into the atmosphere, contributing to climate change, which is another issue of serious concern. These situations among others make an MSW disposal practice to be considered as one of the sources of environmental degradation (Manaf et al., 2009; Fauziah et al., 2004; Ngoc & Schnitzer, 2009) . In fact, these are some of the reasons that prompted the federal government of Malaysia to take over the responsibilities which was earlier vested on the local authorities for managing these ever increasing waste quantities.
The Environmental Quality Act 1974 and the Local Government Act 1976 which was found to be inadequate were amended in order to improve the quality of the environment (Tarmudi et al., 2012 In its effort to improve and ensure a quality service with respect to the management of solid waste, the government privatized the management of solid wastes in Malaysia. The four concessionaires which were awarded the contract include Alam Flora Sdn. Bhd., SW Environment Sdn. Bhd., E -Idaman Company, and Eastern Waste Management Sdn. Bhd. These concessionaires are the major firms responsible for waste management in Malaysia. This paper is aimed at reviewing and presenting the current situation of municipal solid waste management practices in Malaysia. It discusses the policies and legislations available as well as generation, compositions and in general the way this rapidly increasing, heterogeneous and complex mixture of materials is managed. In addition, the amount of recyclables and the corresponding revenues that would be generated from these recyclables were estimated.
Solid Waste and Public Cleansing Management Act 2007
The Solid Waste and Public Cleansing Management Act (SWPCMA) is the currently existing SWM legislation in Malaysia. This act was reported to have been copied and applied from the best solid waste management practices of some developed countries such as Japan, Denmark, Switzerland, Germany and the United States of America. It mainly considered the management of public cleanliness/sanitation (Agamuthu & Fauziah, 2011) . The main strategies proposed for implementation under the Act includes source separation, efficient solid waste treatment, interim treatment and final disposal of solid waste particularly through landfills.
The gradual introduction of this Act started in September 2011. The responsibility for solid waste management and public cleansing was then transferred from the Local Authorities to the Federal Government. As a result, new federal institutions, including the Department of National Solid Waste Management and the Solid Waste Management and Public Cleansing Corporation were established. At least two clauses were incorporated which directly undertake 3R strategy. Clause 101 emphasized on Reduction, Reuse and Recycling of controlled solid waste while Clause 102 focused on system and deposit refund system. This act claims to bring solid waste management (SWM) in line with global state-of-the-art practices at no additional cost to the public. It includes regulation and enforcement tools as well as imposing higher responsibilities on the stakeholders. The act also enabled the privatization of SWM. Since its implementation commenced, the management of MSW was reported to have tremendously improved all over the country (Fauziah & Agamuthu, 2012) .
Solid Waste Management History -Timeline
In Malaysia, the management of solid wastes was carried out by the then district public health departments in the respective districts. In the seventies, the local authorities took over such responsibilities following the increasing awareness on the need for improved sanitation coupled with the corresponding increase in amount, volume and heterogeneity of the wastes (Fauziah & Agamuthu, 2012 The amounts of municipal solid waste generated from 1996-2009 by state in Malaysia is shown in Table 2 . The table shows that Selangor state produced the highest quantity of municipal solid waste, followed by Kuala Lumpur and Johor. The total amount of waste presented in Table 2 (27284) is greter than the one reported by the MHLG (2010). The trend shows that the waste generation keeps on increasing on yearly basis.
Composition of Municipal Solid Waste
Solid waste composition refers to the various constituents that the waste contains. The composition of municipal solid waste is one of the factors to be considered before proposing any management option. Though it changes over time, it also assists in predicting the future trends. It was reported that the waste compositions in most countries of the world is normally dominated by organic matter followed by paper and plastics. It was also reported that in all the Asian countries except Japan, the waste is dominated by organic material, comprising approximately 75% of the total waste stream . In Malaysia, most recent data on solid waste compositions are scarce. This resulted in most researchers and government officials using or presenting old ones or otherwise estimates (Tarmudi et al., 2012; Johari et al., 2012) . The municipal solid waste contributions by the various sources are presented in Figure 3 . It shows that the residential source contributes the highest portion of the solid waste produced in Malaysia, followed by commercial sector. The domestic, commercial and municipal (street sweepings, etc.) are largely referred to as the MSW (Tarmudi et al., 2012) .
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The mater 2001 to 20 The results in Table 3 show that organics are the main component of the solid waste in Malaysia. The organic components of the waste ranged from 32% to 68.4% based on the findings of the different authors. Also, other components such as paper, plastics and glass ranged from 6.3% to 29.5%, 11.8% to 25.2%, and 1.4% to 5.5% respectively. The current composition trend also shows that food, paper and plastic wastes comprised about 70% of the total solid wastes produced in most places/cities in Malaysia (Sakawi, 2011; . In addition, the putrescible component of the wastes was found to contribute approximately 46%, followed by paper waste with 14% and plastic based waste 15% in the year 2007 (Agamuthu & Fauziah, 2011) . This gradual decrease in the amount of organics and the increase in the amounts of paper, plastics and glass signifies that Malaysia is in a transitional period to attain the developed nation status. This was based on the fact that wastes in developed countries, mostly contain more packaging materials and low percentage of organics (MHLG, 2010).
Storage and Handling
The storage and handling are one of the key aspects of effective solid waste management (Imam et al., 2008) . In Malaysia, different types of containers and bins are used for storing solid wastes, but mainly depending on the source (Lau, 2004) . In case of the household, the bins are usually placed outside either in front or at the backyards of the houses. High rise apartments or flats use specially designed chutes, communal storage or roll-on-roll-offs. In commercial areas, large movable or stationary containers greater than 12m³ are used.
Collection and Transportation
Municipal solid waste collection in Malaysia was the responsibility of the local authorities prior to the taking over by the federal government. The local authorities either contracted or directly provide the collection services. During this period, about 50% of the municipal operating budget was reported to have been spent on the management of municipal solid waste and out of this, 70% is spent on the collection of wastes (UNEP, 2002) . This clearly indicates that collection consumes huge sum of money and the most expensive task. In the recent past, that is after the federal government took over such responsibility, it contracted out the management services to private contractors on a regional basis under its privatization program. This is done in order to improve the quality of services. The collection frequency varies from every two days at the residential areas to daily basis at the communal/commercial areas (UNDP, 2008).
The collection services are impressive based on the fact that about 76% of the produced municipal solid wastes were reported to be collected (Fauziah et al., 2004; Manaf et al., 2009) . Different types of collection vehicles are used for the collection of municipal solid wastes in Malaysia. The most common ones include open lorry trucks, and compactor type trucks.
Waste Treatment and Disposal
In the past, open dumping and burning of wastes were the most common practices in Malaysia, until the early 1990's when landfills gradually became the preferred solution. Landfills are the most common municipal solid waste (MSW) disposal means despite the tremendous efforts currently made towards recovery of both materials and energy from these wastes worldwide (Al Ansari, 2012) . Like in all other developing economies, Malaysia disposes most of its waste by landfilling, although there is a serious effort and plans in exploring other disposal www.ccsenet.org/mas Modern Applied Science Vol. 8, No. 4; means (Johari et al., 2012) . Landfills remain and will continue to remain an integral part of most solid waste management plan but if not done in a sanitary manner can pose risks to both life and the environment. For instance, in 2006, drinking water source was contaminated by leachate from solid waste landfill in Klang valley, Malaysia. This necessitated the government to, without delay, order for the immediate closure of many unsafe landfills across the country, upgraded some and constructed new ones as well (Agamuthu & Fauziah, 2011) .
Various methods and targets of solid waste management in Malaysia were proposed as shown in Table 4 . This shows that the level of progress has been low. In 2020, it is the plan of the government to reduce landfilling to about 50%, by increasing composting to 8%, incineration to 16.8% and recycling to 22% respectively. The realization of this plan, looking at the level of progress, is doubtful unless urgent measures are taken.
In 2011, there were 296 landfills all over the country and about 166 are still operating. It was also reported that out of the 166 operating landfills, only 11 are sanitary and capable of preventing environmental degradation resulting from landfill gas and leachate escape to the environment (Johari et al., 2012; NSWMD, 2011) . Landfills are however not sustainable solutions due to land scarcity, rising costs and other constraints. The government, as stated in the Tenth Malaysia Plan (2011 -2015) , intends to close and rehabilitate most of the existing unsanitary landfills across the nation. In addition, there were plans to: upgrade some of the existing landfill sites to sanitary landfills; build integrated material recovery facilities; build new sanitary landfills and transfer stations (Tarmudi et al., 2012) . As a result of passing the law of the solid waste and public cleansing management Act 2007, the numbers of landfill in the country were reported to have reduced (Fauziah and Agamuthu, 2012) . Table 5 shows the estimated number of municipal solid waste disposal sites by state in Malaysia. The Table 5 also shows that Sarawak has the highest number of landfill sites followed by Johor with 63 and 37 sites respectively. Sarawak is not the most populated or the highest waste generator among all the states but has the highest number of landfill sites. This is as a result of the availability of vast lands all over the state. It was further reported that 50% of the overall national waste amount is openly dumped, 30% is landfilled, 10% is composted, 5% percent is incinerated and another 5% is recycled (Ngoc and Schnitzer, 2009 ). In the developed nations nowadays, more priority is given to the disposal of wastes as close as possible to the points of generation . This is to minimize costs and environmental pollutions.
Composting in Malaysia
Composting is the biological degradation of organic substances by microorganisms (Saheri et al., 2009) . It is a natural phenomenon for the stabilization of organic waste matter which results in the production of high nutrient material popularly referred to as compost or humus. It was reported as one of the most cost effective and sustainable municipal solid waste management options over the traditional means like landfilling or burning as it enables recycling of potential plant nutrients which in most cases dominate wastes in developing countries (Bundela et al., 2010) . This product has varying uses from agricultural productions, horticulture and in some cases for land reclamations, more especially for the reclamation of burrow pits and other land depressions.
Municipal solid wastes generated in Malaysia contain high percentage of organics (45-60%) with a moisture content of about 55% (Fauziah and Agamuthu, 2012) . This amount of moisture contained in this wastes falls within the range of 40-60% that is suitable for microbial degradation (SANDEC, 2003) , hence composting would be a better option to treat this high amount of organics in the wastes (Johari et al., 2012) . However, based on the current disposal methods practiced, composting is not carried out at large scale and is rarely utilized. Despite the fact that it is not well practiced in Malaysia, compost is sold from RM180 to RM1000 per ton depending on market demand and compost quality (NSWMD, 2011) . A study was carried out on the composting of wet-market wastes in Selangor . This study although done at a pilot scale shows that these wastes have great potentials for high quality compost and revenue generation. The compost produced was sold at USD0.55 (RM2.00) per kg, generating gross revenue of USD4,210 (RM16,000) per day. The approximate cost of composting 15 tonnes of the market wastes was USD790 (RM3,000), the net revenue was estimated to be USD3,420 (RM13,000) and a total of USD0.8 million (RM3.1 million) could be generated annually when fully commercialized.
Moreover, a large scale composting plant was also established in Kota kinabalu in the state of Sabah which uses aerobic composting method to treat about 300 tons per day (45000 tons per year) of the organic fractions of municipal solid wastes. It was also estimated that the project has potentials for greenhouse gas emissions reduction of about 73738 tons of CO 2 -e (CDM, 2006).
Incineration in Malaysia
The composition of municipal solid wastes in Malaysia shows that combustibles such as paper and plastics are high, next to organics with a calorific value between 1500 and 2600kcal/kg. The land for the construction of landfills, which is the most currently practiced method is becoming scarce and expensive as well. Also, most of the existing ones that have not filled to their design capacities are about reaching it. These factors among others favour the use of incineration. But one of the most important issues making incineration more difficult is that of high moisture contents of municipal solid wastes produced in Malaysia which ranges from 50-60% and the highly humid nature of the country. The Malaysian government has made so much effort to acquire and install incinerators in many parts of the country despite its high capital and operational costs, but till now has not been www.ccsenet.org/mas Modern Applied Science Vol. 8, No. 4; realized. As a result, there is no incineration of municipal solid wastes in Malaysia except on the islands and highland (Agamuthu et al., 2009b) .Though, small-scale incinerators of rotary kiln type are used in some of the tourism spots: Pulau Langkawi (100 ton/day), Pulau Labuan (60 ton/day), Cameron Highlands (40 ton/day), Pulau Pangkor (20 ton/day) and Pulau Tioman (10 ton/day). On the other hand, about 90% of wastes produced in Singapore were reported to be incinerated after recovery of the recyclables, use of incinerators could therefore be possible in Malaysia because these wastes have similar characteristics (Bai & Sutanto, 2002) .
Waste Minimization Potentials in Malaysia

Reduce/Reuse
Source reduction is to plan and execute minimization of waste right at the generation stage and is the most preferred option according to the waste management strategy. It focuses on reducing the volume and/or toxicity of waste generated as well as switching to reusable products and packagings. However, the option is often opposed by consumer society, where the consumption of products is encouraged (Bagdie et al., 2012) .
Waste reduction can be achieved at several levels, such as reduction of per capita waste generation through awareness creation, government policy initiatives, source separation and separate collection for recyclable, and recovery of recyclable materials at the disposal sites (Badgie et al., 2012) . Reuse on the other hand is to repeat the use of a material or a product more than once. This practice is more encouraged because of its benefits for the fact that no cost and less energy are required for cleaning and refurbishing. Reusing materials and products saves energy and water, reduces pollution, and lessens society's consumption of natural resources compared to the use of single-use products and materials. Reuse of materials and products is regarded as more socially desirable than recycling the same materials. For example, both plastic and glass bottles are reused once or several times. Also, cardboard boxes that are used for shipping products can be folded and sent back to the manufacturer to be reused for shipping the same or other products (Sridevi et al., 2012) .
Solid Waste Recycling
Recycling of municipal solid waste (MSW) has been recognized as the "most environmentally sound" strategy for dealing with MSW, only second to the preventive strategy of source reduction and reuse (USEPA, 2004) . Recycling of waste nowadays is very much acknowledged for the fact that thousands of people earn their means of survival through it (Wilson, 2007) . On realizing how important recycling is, the federal government of Malaysia first launched recycling programs in 1993. It was also re-launched in December 2000 by the Ministry of Housing and Local Government and 11 th November of every year declared as the National Recycling Day. To attain the proposed recycling rate of about 20% or more, it was reported that the populace need to intensively support and participate in the recycling activities. By this, more of the municipal solid wastes would be diverted from being disposed into landfills (Manaf et al., 2009 ).
Recycling has been a well-established business not only in Malaysia but also in other parts of the world (Al-Salem et al., 2009) . Until now, people have been collecting old newspapers, glass bottles, metals and other recyclables for recycling purposes. In this business, many players are involved; ranging from small primary paper collectors or landfill scavengers to a medium scale scraps metal middleman and a large recycling industry (Chong, 2006) . It was also reported that the waste standards for recyclable materials, recycled products and recycling industry standards in the waste minimization plan or strategy are also not well addressed (Mohamed, 2012) . Despite the fact that the larger portions of the municipal solid wastes produced in Malaysia are recyclables, which includes paper, plastics among others representing about 60% of the total waste volume, only about 5-5.5% recycling rate was reported to have been attained (Agamuthu et al., 2009b; Fauziah et al., 2004; Saeed et al., 2009) . In order to attain significant level in recycling, people's attitude is an important factor to be considered . In a related development, previous studies show that more than 70% of Malaysians are aware of the recycling idea but less than 25% actually participate (Fauziah et al., 2004) . The current government target is to attain solid wastes recycling rate of 22% towards the year 2020 (NSWMD, 2011) . While some developed countries in Asia have succeeded in recovering and recycling most of the recyclables they produce, Malaysia has been far left behind. For example, Korea has attained waste recycling rates of 44 -50% between 2002 -2008 and Singapore from 44% in 2002 to 48% in 2004 and expected to reach 60% in 2012 (Chong, 2006 .
Revenue from Recyclables
The waste composition data and the prices of the recyclables used for estimating the revenues were the ones used by the Ministry of Housing and Local Government in 2005 (MHLG, 2012) . Labour, transportation and other www.ccsenet.org/mas Modern Applied Science Vol. 8, No. 4; overhead costs were not considered. The estimates of the economic potentials of some recyclables in Malaysia are as shown in Table 7 . 
USD = 3 Malaysian Ringgit (RM).
The revenue generation potentials of recyclables in Malaysia were determined based on the 30000 tons per day of municipal solid waste generated. The yearly amount of recyclables produced is about 3.5 million tons. Revenue of about RM857 (USD286) million can be generated from the recyclables, if recovered and sold. This amount could be used to supplement the money spent on the management or alternatively be used to donate to various charities.
Conclusion
Malaysia has been making tremendous efforts in order to proffer solutions to the growing environmental problems posed by solid wastes. This was necessitated by the increasing quantity and complexity in the compositions of the solid wastes produced in the country. The government's various plans for solid waste management clearly show that it is fully committed. Currently, the bulk of the wastes are landfilled in both sanitary and unsanitary landfills. Most of these landfills have reached or about reaching their lifespans. In addition, acquiring new sites has become a very difficult task owing to land scarcity and high cost which was brought about by the country's economic growth. The recycling rate is low and only a little portion of the generated waste is composted with virtually no incineration done except on the Islands. Since the greater part of the solid waste is organic in nature, composting would be a better option followed by the intensification of recycling. These options, if fully utilized would greatly minimize the amount of wastes being disposed in landfills and also minimizes the environmental impacts. 
